should we change and how are we going to do it? Change is not always an essential part of evaluation but it is important to see if it is necessary. Evaluation may show that everything is perfect, but that would be a little unusual. Change can be agreed informally, or more formally in the establishment of guidelines or standards of practice based on the results of an initial evaluation. Occasionally, the nature of the intervention may be changed radically, or even dispensed with.
If change is introduced, the first stage of evaluation should be repeated to see if this has produced the desired effect in terms of improving effectiveness or safety, or reducing costs per unit of benefit produced. It is important also to observe the compliance with any proposed change and its level of acceptability amongst users.
One of the most important elements is to close the loop of the evaluation cycle and ensure that the information assessment which comprised the first and second stages is used to good effect. Nelson (1976) stressed the importance of closing this loop and described information which has no particular end result as 'orphan data'. The end product of evaluation is not the demonstration of problems, nor the suggestion of solutions, but the implementation of appropriate change.
Preoperative chest radiology: observation of current practice In 1979, the Royal College of Radiologists (RCR) published the findings of a multicentre audit of 10 619 consecutive cases of elective non-cardiopulmonary surgery undertaken in eight centres throughout the United Kingdom. The study involved 180 consultant surgeons and 49 consultant radiologists. Allowing a conservative estimate of 2 junior hospital staff and 2 nurses for each consultant surgeon, and 2 radiographers for each radiologist, it is estimated that some 1300 health service staff participated in this investigation.
Substantial variations in present practice were recorded in the RCR study (1979) . A fivefold variation in utilization was found -11.5% of patients had a preoperative chest xray in centre 2 (a long established teaching hospital) compared with 54.2% in centre 8 (a new teaching hospital). The greater part of the variance could not be explained by differences in the ages of the patients, the proportion undergoing major surgery, or differences in the mix of specialties. The centre itself was by far the most important determinant in utilization. There was a three-and-a-half fold difference in the use of preoperative chest radiology (POCR) across six specialties -46.8% .in general surgery compared with 13.1% in gynaecology. No obvious reasons could be found for this -for example 48.7% of patients in general surgery and 32.2% in gynaecology underwent a major operation, yet there was a threefold range in the use of POCR between these specialties.
Preoperative chest radiology: comparison with expectations
Is the procedure as effective as we thought?
The RCR study (1979) found that the POCR report did not seem to have much influence on the decision to operate: 96.2% of patients whose report was normal and 92% who were reported as having a significant radiological abnormality proceeded to operation. Of those given POCR, 25.7% proceeded to operation without a radiological report despite the fact that in a quarter of these the report which was subsequently available showed a significant radiological abnormality. There was no evidence that the result of POCR influenced the decision to use inhalation anaesthesia -in the routine POCR group 96.7% of patients with normal reports and 96.1 % with significantly abnormal reports underwent inhalation anaesthesia.
It was felt that present levels of utilization did not justify the claim that POCR was likely to be useful as a baseline for postoperative management. Seventy percent of postoperative pulmonary complications developed in patients without previous serious cardiorespiratory disease and 40% of pulmonary complications developed in patients who were not given a POCR. POCR was prescribed for only half of those patients who were at high risk of postoperative pulmonary complications, and the postoperative pulmonary complication rate was of the same order of magnitude in the radiographed as in the non-radiographed high risk group.
Is it as safe as we thought?
In 1976, Rees et al. reported on 667 patients undergoing elective surgery in a large hospital in Wales. They found that 22% had received a chest X-ray within the last six months, 38% within the last year, 56% within the last three years and 72% within the last five years. Estimates of the radiation dosages received by the patients during the previous year, based on information relating only to X-rays taken at the study hospital, showed that the maximum marrow dose (DHSS 1972) had been exceeded in 12.5% of patients.
Bengtsson et of. (I978) calculated that 80 (IO per million) cancer deaths in Sweden could be attributed to radiation received during diagnostic X-ray. I P Matthews (personal communication), has estimated 'that malignancy induced by diagnostic X-ray in the United Kingdom is of the order of 5 per million (approximately 300 fatal cancers each year). In 1977 in the United Kingdom, 33% of all X-ray examinations in the NHS involved the chest (Kendall et al. 1980) . .Assuming costs of £15 per patient AModified from Roberts (1982) Does it cost what we thought?
The rationale for POCR is to prevent avoidable death or morbidity consequent upon the operation. The RCR study (1979) allows the frequency of the avoidable event to be calculated. If this is multiplied by the cost of the procedure (i.e. the cost per patient Xrayed), the radiological cost of avoiding the risk can be calculated. Table I shows that the cost of avoiding one postoperative death in patients aged 20-59 years without cancer or chronic cardiorespiratory disease would be of the order of £100000 (assuming X-ray costs of £15 per patient). This figure assumes that POCR will always avoid that outcome. The RCR study (1979) however failed to find 'any evidence at all for the effectiveness of preoperative chest X-ray when used routinely', so if we make the generous assumption that it is likely to he only 10% effective, the cost of avoiding one death may well be of the order of £1 million (Roberts 1982) .
Preoperative chest radiology: implementing change in present practice In the light of the above findings the next stage was for the RCR to offer some general policy statement as a guide to future practice. However, at this time (1979) there was considerable resistance to change. The implications of the work were unacceptable to many: for example, some believed that no risk (however small) was acceptable, and that everything possible should be done to reduce the risk even further, irrespective of cost. Others thought that the implications were morally unacceptable, and others felt that the floodgates might be open to medical litigation. In addition, some colleagues in other specialties felt that their freedom to use this procedure might be constrained if the policy implications of this work . were pursued. The RCR was made fully aware of how strongly these feelings were held at a seminar on the use ofPOCR convened by the DHSS in Harrogate in 1979, and it seemed that there was little likelihood of a more effective use of this procedure ever being achieved. It was realized that the implementation of changes of practice consequent upon the findings of the RCR study (1979) would take time and would have 'to be handled with great care. Initially, a low-key proposal was made, stating that' 'it would seem advisable to rationalise the use of POCR now, by establishing temporary norms of utilisation pending an early decision about whether the investigation should be abandoned as a routine procedure ... we would recommend that utilisation for non-acute non-cardiopulmonary surgery should run at no more than 12%' (RCR 1979) . These views were taken up and disseminated informally by some radiologists in individual hospitals. Others took a more formal approach. For example, in Newcastle a guideline for the use of POCR was published in the 'Junior Hospital Doctor's Handbook' in the section on radiation protection (P Hacking, personal communication). The guideline recommended that routine POCR should only be carried out on patients over 40 years of age, and immigrants over 18 years of age from countries where tuberculosis is endemic provided that they had not been X-rayed in the previous 12 months.
Preoperative chest radiology: further observation of practice .In South Wales, there had been considerable interest in the RCR work on POCR and their recommendations had been disseminated amongst local radiologists by word of mouth and at scientific and divisional meetings, and by distribution of reprints of the RCR paper (1979) . It was therefore decided to monitor utilization of POCR at two district general hospitals in South Wales to see if local initiatives about the use of POCR were having any effect on practice. In addition it was decided to look for evidence of desirable or undesirable outcomes which might be consequent upon any such change in practice. Postoperative length of stay (as an indicator of postoperative morbidity) and postoperative mortality over the study period were measured. Table 2 shows a highly significant reduction in the use of POCR in both hospitals during the study period (P~O.OOI).
In hospital A the rate decreased each year from 1977, and in 
• assuming £15 per patient radiographed ... following operation but before discharge hospital B the use declined abruptly in 1979, the year of publication of the RCR paper, to a level which was maintained in 1980. The reduction in utilization observed produced potential savings of the order of £110000. In hospital A, there was no evidence of significant increase in postoperative or overall length of stay or postoperative mortality. In hospital B, the mean postoperative length of stay and postoperative mortality both declined significantly during the study period.
By 1982 it was reported to us that many doctors across several specialties held a view that the levels of utilization of POCR reported by the RCR in 1979 were no longer justified and evidence was available that a growing number of hospitals had accepted the recommendation that the use of preoperative chest X-ray as a routine procedure shoud be abandoned. Encouraged by this development the RCR considered amending its original guideline proposed in 1979. In 1982 a stricter guideline for the use of POCR among patients admitted for elective non-cardiopulmonary surgery was proposed, the principal change being the strengthening of a resolve that routine POCR was no longer justified at any age:
'''Routine'' preoperative chest X-ray is no longer justified. However preoperative chest radiography may be clinically desirable in certain patients in the following categories:
(i) those with acute respiratory symptoms (ii) those with possible metastases (iii) those with suspected or established cardio-respiratory disease who have not had a chest radiograph in the previous 12 months ' (iv) recent immigrants from countries where TB is still endemic who have not had a chest radiograph within the previous 12 months
It should be noted that none of the above categories of request is routine and the reasons for examination should, therefore, always be given in the usual way.'
There are important precedents for the development of guidelines for clinical practice by peer groups or institutions. In April 1978, the American College of Physicians issued the following policy statement: 'The American College of Physicians recommends that no diagnostic tests, including blood haemoglobin, urine analysis, biochemical blood screen, chest X-ray and electrocardiogram should be required as routine procedures for patients admitted to hospital ... .' In 1983 the American National Center for Devices and Radiological Health recommended that chest X-rays of asymptomatic patients should be discontinued as part of routine prenatal examinations, hospital admissions, tuberculosis screening and pre-employment examinations. A similar recommendation is expected from the WHO in the near future (WHO 1983) .
Spurred on by these developments, the RCR Working Party sought and successfully obtained financial support from the King's Fund to study three different methods of implementing the RCR guidelines on the use of POCR in three different hospitals with the fourth and fifth as controls. This study is now proceeding well, and significantly the first stage has required the acceptance of guidelines in principle by the Division of Surgery, Medicine and Anaesthetics in each of the participating hospitals.
Summary
This paper takes as an example of the cycle of evaluation the work of the Royal College of Radiologists in connection with the more effective use of preoperative chest X-ray. The work covers a six year period beginning with an observation of practice on a national sample in 1976, progressing to the comparison of existing practice with expectations in 1978. This was followed by the development of guidelines of practice which were disseminated informally, and formally through scientific papers and meetings from 1979. In 1981, practice was again observed in a pilot area to ascertain if the proposed guidelines had produced the desired affect. The results of this second review showed that the intentions of the guidelines had been achieved successfully, i.e, substantial reduction in utilization with considerable potential financial saving without any decrease in the original effectiveness or safety of the intervention. Thus this example shows the closing of the evaluation loop and the successful implementation of change.
